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Description 

INTEGRATED CIRCUIT DEVICE PACKAGE 
HAVING A SUPPORT COATING FOR 
IMPROVED RELIABILITY DURING 
TEMPERATURE CYCLING 

Cross Reference to Related Applications 

[0001] The present application is a continuation-in-part of co- 
pending U.S. Patent Application No. 10/224,291, filed Au- 
gust 19, 2002, which is incorporated by reference herein 

in its entirety and for all purposes. 
Background 

TECHNICAL FIELD 

[0002] Th e present invention relates generally to "flip chip" style 
packaging of integrated circuits. More particularly, the in- 
vention relates to a support coating that is applied at the 
wafer level to support solder contacts in flip chip styled 

packaging. 
BACKGROUND 



[0003] Numerous conventional packages for integrated circuit 
("IC") devices involve the formation of solder bumps or 
other suitable contacts directly on an IC die. The die is 
then typically attached to a suitable substrate, such as a 
printed circuit board ("PCB"), such that the solder bumps 
on the die may be surface mounted onto matching con- 
tacts on the substrate. Such surface mount devices are of- 
ten referred to as "flip chip" devices. In order to reduce 
the costs of packaging in general, it is generally desirable 
to perform as many of the packaging steps as possible at 
the wafer level, before a wafer is diced and separated into 
individual IC devices. 

[0004] when packaging surface mount devices, it is common to 
form the solder bumps directly over the I/O contact pads 
on the die at the wafer level. Such solder bumps are typi- 
cally reflowed when the die is subsequently attached (e.g., 
soldered) to a suitable substrate. During the reflow pro- 
cess, the solder bumps typically collapse to form solder 
joint connections between the substrate and the attached 
die. The reliability and lifespan of a typical solder joint can 
depend on a variety of factors, with one common mode of 
failure being cracking or shearing due to temperature cy- 
cling. Because heat is ordinarily generated whenever an IC 



device is used, the die, substrate, contact pads, solder 
joints and other nearby components tend to heat up and 
expand. Solder, substrates and dice can all have different 
rates of thermal expansion, such that significant stresses 
are introduced into a solder joint whenever a significant 
shift in temperature occurs. When continued use of an IC 
device results in excessive or high variance temperature 
cycling, the resulting failure of even one affected solder 
joint connection can render the entire IC device as unreli- 
able or useless. 

[0005] it has been observed that the reliability of many reflowed 
solder joints with respect to this mode of failure is depen- 
dent on the wetting angle between the solder joint and 
the die, as well as the total "standoff or gap between the 
substrate and the die. Current attempts to optimize this 
wetting angle and standoff include defining and control- 
ling various parameters, such as the solder bump size, the 
amount of solder paste placed on the substrate, and the 
contact pad size, among others. While many of these 
techniques do generally help to improve the reliability of 
reflowed solder joints, there is always a desire to provide 
even more reliable and more cost effective processes for 
packaging integrated circuit devices. 



Summary 

[0006] it is an advantage of the present invention to provide an 
apparatus and method for increasing flip chip package re- 
liability. According to one embodiment of the present in- 
vention, a support coating is added to a wafer after solder 
bumps have been added but prior to dicing. This support 
coating or layer is arranged so that it constrains the inter- 
face between the solder bumps and their associated die 
contact pads during solder reflow. It has been observed 
that such a support coating can provide added strength to 
the eventual reflowed solder joint connections with a sub- 
strate, such that the operational lifetime of these solder 
joints is increased. 

[0007] other apparatuses, methods, features and advantages of 
the invention will be or will become apparent to one with 
skill in the art upon examination of the following figures 
and detailed description. It is intended that all such addi- 
tional systems, methods, features and advantages be in- 
cluded within this description, be within the scope of the 

invention, and be protected by the accompanying claims. 
Brief Description of Drawings 



[0008] The included drawings are for illustrative purposes and 



serve only to provide examples of possible structures for 
the disclosed inventive apparatus and method for provid- 
ing support coating enhanced IC device packages. These 
drawings in no way limit any changes in form and detail 
that may be made to the invention by one skilled in the art 
without departing from the spirit and scope of the inven- 
tion. 

[0009] FIG. 1A illustrates in top plan view an exemplary wafer 
comprising multiple surface mount semiconductor dice. 

[0010] FIG. IB illustrates in top perspective view a surface mount 
semiconductor die scribed from the wafer of FIG. 1A. 

[0011] FIG. 2A illustrates in partial side cross-sectional view the 
semiconductor die of FIG. IB before attachment to a sub- 
strate. 

[0012] FIG. 2B illustrates in partial side cross-sectional view a 
substrate before attachment to a semiconductor die. 

[0013] FIG. 2C illustrates in partial side cross-sectional view the 
semiconductor die of FIG. 2A permanently attached to the 
substrate of FIG. 2B. 

[0014] FIG. 3 illustrates in side cross-sectional view a particular 
solder joint between the substrate and permanently at- 
tached semiconductor die of FIG. 2C. 

[0015] FIG. 4A illustrates in side cross-sectional view a hypothet- 



ical solder joint between a substrate and attached semi- 
conductor die. 

[0016] FIG. 4B illustrates in side cross-sectional view an alterna- 
tive hypothetical solder joint between a substrate and at- 
tached semiconductor die. 

[0017] FIG. 5A illustrates in partial side cross-sectional view a 
semiconductor die having an evenly distributed support 
coating according to one embodiment of the present in- 
vention. 

[0018] FIG. 5B illustrates in partial side cross-sectional view the 
semiconductor die of FIG. 5A with a sufficiently rigid sup- 
port coating according to one embodiment of the present 
invention. 

[0019] FIG. 5C illustrates in partial side cross-sectional view the 
semiconductor die with a sufficiently rigid support coating 
of FIG. 5B permanently attached to a PCB according to one 
embodiment of the present invention. 

[0020] FIG. 6 illustrates in side cross-sectional view a particular 
solder joint between the PCB and permanently attached 
semiconductor die with a sufficiently rigid support coating 
of FIG. 5C according to one embodiment of the present 
invention. 

[0021] FIG. 7 A illustrates in side cross-sectional view an exem- 



plary solder joint between a substrate and a permanently 
attached semiconductor die having a reduced level of 
support coating according to one embodiment of the 
present invention. 
[0022] FIG. 7B illustrates in side cross-sectional view an alterna- 
tive exemplary solder joint between a substrate and a 
permanently attached semiconductor die having an in- 
creased level of support coating according to one embod- 
iment of the present invention. 
Detailed Description 

[0023] Exemplary applications of apparatuses and methods ac- 
cording to the present invention are described in this sec- 
tion. These examples are being provided solely to add 
context and aid in the understanding of the invention. It 
will thus be apparent to one skilled in the art that the 
present invention may be practiced without some or all of 
these specific details. In other instances, well known pro- 
cess steps have not been described in detail in order to 
avoid unnecessarily obscuring the present invention. 
Other applications are possible, such that the following 
examples should not be taken as limiting. 

[0024] | n the following detailed description, references are made 
to the accompanying drawings, which form a part of the 



description and in which are shown, by way of illustration, 
specific embodiments of the present invention. Although 
these embodiments are described in sufficient detail to 
enable one skilled in the art to practice the invention, it is 
understood that these examples are not limiting; such 
that other embodiments may be used, and changes may 
be made without departing from the spirit and scope of 
the invention. 

[0025] one advantage of the present invention is the reduction or 
elimination of reflowed solder joint connection failures 
due to temperature cycling. This advantage is accom- 
plished at least in part via the improved designs and pro- 
cesses for creating IC device packages disclosed herein, 
the use of which results in an increased wetting angle and 
a larger standoff between the silicon die and the substrate 
to which the die is attached. Such a result is obtainable 
due to the presence of a support coating that is dis- 
tributed onto the wafer before the wafer is separated into 
individual dice. 

[0026] Referring first to FIG. 1A, an exemplary wafer comprising 
multiple surface mount semiconductor dice is illustrated 
in top plan view. Wafer 1 includes a plurality of dice 10 
separated by horizontal and vertical scribe lines 2. Each of 



the dice 10 includes a plurality of solder balls, contacts or 
"bumps" 12 that are intended to be mounted directly onto 
contact pads of a substrate, such as a PCB. It should be 
noted that while only a relatively small number of dice 10 
are shown on the wafer 1 for purposes of illustration, 
most wafers have significantly more dice formed thereon. 
By way of example, current state of the art wafers typically 
have several hundred to several thousand dice formed 
thereon, and some have more than ten thousand dice. As 
is well known in the art, most wafers and dice are formed 
of silicon, although any other appropriate semiconductor 
material can also be used, including, for example, gallium 
arsenide (GaAs), indium gallium phosphide, silicon ger- 
manium, and the like. 
[0027] Referring now to FIG. IB, an individual semiconductor die 
10 scribed from the wafer of FIG. 1A is shown in top per- 
spective view. After the wafer 1 is fabricated and solder 
contacts or "bumps"12 are formed thereon, a dicing ma- 
chine is used to singulate the individual dice 10 by sawing 
or otherwise cutting the wafer 1 along the scribe lines 2. 
Each die 10 preferably has a body 11 and a plurality of 
solder bumps 12 formed on an active face 13. Also, al- 
though only one "row" or "ring" of solder contacts or 



bumps is provided on the die in the illustrated embodi- 
ment, other contact patterns including, for example, mul- 
tiple rows, multiple rings, or arrays of contacts may also 
be provided as desired. In fact, it is common for solder 
bumps to be placed into adjacent rows and columns to 
form a grid or array. Any and all such shapes, dimensions, 
formations and patterns of solder contacts are contem- 
plated for use with the present invention. 
[0028] Referring to FIGS. 2A through 2C, various before and after 
conditions reflecting a permanent attachment of and the 
formation of solder joint connections between the semi- 
conductor die of FIG. IB and a substrate are illustrated in 
partial side cross-sectional view. At a before condition il- 
lustrated in FIG. 2A, die 10 is prepared in anticipation of 
forming solder joint connections with an associated sub- 
strate. A number of solder bumps 12 are formed on con- 
tact pads 14 or associated contact pad structures, such as 
under bump metallization stacks, that are located on the 
active face of the die while the die is still part of the wafer, 
as will be readily understood by those skilled in the art. At 
a similar before condition illustrated in FIG. 2B, a sub- 
strate 20 is prepared in anticipation of forming solder 
joint connections with an associated die, such as die 10. 



Substrate 20 comprises a body 21 upon which a number 
of contacts 24 are formed. Each contact 24 is preferably 
covered by a portion of solder paste 22 to aid in the for- 
mation of a solder joint connection, although use of such 
a portion of solder paste is not absolutely necessary. An 
after condition of the die of FIG. 2A permanently attached 
to the substrate of FIG. 2B is shown in FIG. 2C. Here, the 
solder from each side has been heated and reflowed such 
that solder joint connections 30 are formed. 
[0029] Continuing on to FIG. 3, a particular solder joint between 
the substrate and permanently attached semiconductor 
die of FIG. 2C is similarly illustrated in partial side cross- 
sectional view. Solder joint 30, which provides an electri- 
cal connection and means of communication between the 
contacts of die 10 and substrate 20, has several important 
physical features. The wetting angle 31 between the die 
and solder joint, the final height 32 of the solder joint and 
the maximum width or diameter 33 of the solder joint are 
all typically reflective of how much collapse has occurred 
in the original solder bump during the reflow process, 
particularly with respect to the values for each of these 
parameters before reflow. By definition, the final height 
32 of the solder joint also represents the standoff dis- 



tance between the die and the substrate. 
[0030] As will be readily appreciated by those skilled in the art, 
the original pre-collapse solder bump dimensions may 
vary widely from application to application. For purposes 
of illustration, various after collapse dimensions are given 
herein for a popular original solder bump size, which can 
be, for example, on the order of about 300 microns in di- 
ameter with an original wetting angle of about 60 de- 
grees. After a typical reflow procedure in a device having 
solder bumps of such dimensions, the resulting wetting 
angle 31 for the collapsed solder bumps may be about 25 
to 35 degrees, the final solder joint height or standoff 32 
may be about 9 mils and the maximum solder bump di- 
ameter 33 may be about 360-400 microns. Similar results 
occur in instances involving different sized solder bumps, 
with the actual reflowed solder bump dimensions being 
largely dependent upon the original solder bump size and 
wetting angle. Although other physical features certainly 
exist, such as the wetting angle between the substrate 
and solder joint, the recited physical features for which 
exemplary dimensions are given here are thought to be 
most critical with respect to temperature cycling induced 
failure of the solder joint. 



[0031] | n this regard, it is worth noting that many solder joint 
failures occur at or near the interface between the solder 
joint and the die. Tests and observations have shown that 
not only is it important to have an increased offset be- 
tween the die and substrate, but also that an increased 
wetting angle 31 results in a stronger solder joint near its 
interface with the die. An exemplary technical paper that 
explains in detail the importance of increasing the wetting 
angle for this type of packaging application is the one by 
P. Borgesen, Che Yuli, and H.D. Conway, IEEE Transactions 
on Components, Hybrids & Manufacturing Technology, Vol. 
16, No. 3, May 1993, which technical paper is incorpo- 
rated herein in its entirety and for all purposes. 

[0032] Referring now to FIGS. 4A and 4B, two hypothetical solder 
joints between a substrate and attached semiconductor 
die are illustrated in side cross-sectional view. In FIG. 4A, 
the wetting angle 37 of hypothetical solder joint 36 is 
shown as being 90 degrees, which would theoretically re- 
sult in a very strong solder joint according to physical 
modeling calculations and extrapolation of test data. An 
even better situation is thought to be that which is illus- 
trated in FIG. 4B, where the wetting angle 39 of hypotheti- 
cal solder joint 38 is greater than 90 degrees. While any 



mass production of solder joints resembling those in FIGS. 
4A and 4B using current semiconductor manufacturing 
materials and processes is considered to be impractical, 
methods and techniques for increasing the wetting angle 
and offset are highly desirable. As described above 
though, few practices for accomplishing such results are 
currently known, with those known practices only result- 
ing in incremental increases in offsets and wetting angles. 
[0033] Turning now to FIG. 5A, a semiconductor die having an 
evenly distributed support coating according to one em- 
bodiment of the present invention is illustrated in partial 
side cross-sectional view. Similar to the foregoing em- 
bodiment, die 100 is designed and created such that a 
number of solder bumps 112 are formed thereon. In addi- 
tion, a support coating or layer 150 is preferably formed 
on the active surface of the die 100. At an initial applica- 
tion step, support coating 150 is evenly distributed onto a 
wafer comprising dice, such as die 100, by any of a num- 
ber of suitable application methods, such as, for example, 
screen printing, stencil printing, molding, spin coating, 
film deposition, vapor deposition, or any other practicable 
technique. This support coating 150 is preferably applied 
to the active surface of the wafer such that the support 



coating substantially covers all of the underlying contact 
pads, under bump metallizations, and active surface. Al- 
though not necessary, in one embodiment this support 
coating can be applied to the active surface of the wafer 
while the wafer remains under a controlled environment, 
such that the underlying contact pads, under bump met- 
allizations, and active silicon (or like material) surface of 
the wafer are never exposed to ambient air or the envi- 
ronment. After being cured or otherwise rendered suffi- 
ciently rigid, this support coating 150 then provides 
structural support to the solder bumps 112 during any re- 
flow process, as well as to the eventual reflowed solder 
joints formed by the solder bumps after a reflow process. 
[0034] | t should be appreciated that support coating 150 is not 
intended to act as an underfill layer. Instead, support 
coating 150 is an applied layer that is fully cured or oth- 
erwise rendered sufficiently rigid after it is applied to the 
active face of a wafer, but before the wafer is singulated 
into individual dice. One or more additional layers that 
function as traditional underfill layers may also be used in 
conjunction with the present invention if desired, al- 
though such underfill layers are not believed to be neces- 
sary. Detailed examples and descriptions for adding and 



using underfill layers in SMTtype device applications are 
disclosed in the commonly assigned and co-pending U.S. 
Patent Application No. 10/224,291 referenced above. 

[0035] | n the described embodiment, support coating 150 is 

preferably an epoxy-based curable fluid, although other 
materials than can be rendered sufficiently rigid at the 
wafer level are also contemplated. By rendering support 
coating 150 sufficiently rigid at the wafer level, it is in- 
tended that this coating be strong enough at this stage 
such that it can significantly support and constrain por- 
tions of the solder bumps near the contact pads during 
any subsequent reflowing of the solder bumps. While 
preferable, it is thus not necessary that the applied sup- 
port coating actually be curable. In fact, while support 
coatings of this nature would certainly include many types 
of fully cured epoxies, it is also specifically contemplated 
that many epoxies at a substantially cured condition may 
also be used, as well as other fluids that can be applied 
and rendered sufficiently rigid at the wafer level without a 
curing procedure. 

[0036] Referring now to FIG. 5B, the semiconductor die of FIG. 5A 
having a substantially cured or otherwise sufficiently rigid 
support coating 160 is shown. Support coating 160 can be 



quite effective in constraining the extent of collapse by 
the solder joint, while at the same time being compliant 
enough to allow successful solder joint formation to occur 
on the substrate pads. Once the applied support coating 
150 is evenly distributed as shown in FIG. 5A, a curing 
step can then take place, if necessary. Depending on the 
materials used in the support coating, this curing step 
may require the support coating to be heated to a particu- 
lar temperature for a sufficient period of time, or may 
simply require that an adequate amount of time pass. In 
any event, it is preferable the support coating be cured or 
otherwise rendered sufficiently rigid before any die is at- 
tached to a substrate. Any necessary curing step thus 
preferably takes place at the wafer level before the dice 
are separated therefrom, although it is also possible for 
the curing of an individual die to take place after the die is 
singulated but before it is attached to a substrate. As 
shown in FIG. 5B, support coating 160 may experience 
some sag in regions that are further away from sharing a 
surface with another material as a result of any necessary 
curing procedure, such properties as will be readily un- 
derstood by those skilled in the art. In addition, a cured 
support coating may have a height 162 that is shorter 



than its pre-cured height with respect to where the coat- 
ing meets each solder bump, depending upon whether 
any solvent or other like material is used in the coating. In 
the event that a curing or setting step is not necessary, 
however, then support coating 160 may be substantially 
equal to support coating 150. 
[0037] Referring to FIG. 5C, the semiconductor die of FIG. 5B is 
shown as being permanently attached to a substrate, such 
as PCB 120, in accordance with one embodiment of the 
present invention. As illustrated, a single die 100 has 
been aligned with contacts on a PCB 120 and permanently 
attached through the reflowing of the solder bumps of the 
die and the solder paste of the PCB to form multiple sol- 
der joint connections 130. Because of the presence of the 
sufficiently rigid support coating 160, however, the shape 
of each solder joint 130 is substantially constrained in 
comparison with a typical solder joint 30, as seen in FIGS. 
2C and 3. As indicated above, the support coating 160 
has provided structural support to the solder bumps 112 
during the reflow process, such that the extent of the col- 
lapse of the solder joints has been constrained. In addi- 
tion, the support coating 160 is also able to provide 
structural support to the subsequent solder joint connec- 



tions 130. 

[0038] Continuing on to FIG. 6, a particular solder joint between 
the PCB and semiconductor die with a sufficiently rigid 
support coating of FIG. 5C is similarly illustrated in side 
cross-sectional view. Compared to the conventional sol- 
der joint 30 of FIG. 3, the solder joint 130 of FIG. 6 is su- 
perior in several ways. One significant improvement can 
be found in the wetting angle 131 between the solder 
joint 130 and the die 100. If the height of the support 
coating is at about fifty percent of the original solder 
bump height, the final wetting angle 131 is typically be- 
tween 50 and 60 degrees, which is markedly better than 
the normally resulting angle of about 25 to 35 degrees. In 
some instances, the final wetting angle 131 is almost 
equal to the pre-collapse angle between the original sol- 
der bump 112 and die 100. In any event, this significant 
increase in the final wetting angle substantially increases 
the structural strength of the formed solder joints, which 
improves solder joint reliability and lifespan under tem- 
perature cycling. In fact, preliminary experimental results 
indicate that reliability and lifespan are at least doubled 
for solder joints in dice having a sufficiently rigid support 
coating. 



[0039] Another improved feature resulting from the use of the 

support coating is the setoff 132 between the die 100 and 
PCB 120. Again noting that solder bumps can come in a 
wide variety of sizes, exemplary dimensions are given 
herein with respect to an illustrative example involving 
solder bumps having an original pre-flow diameter of 
about 300 microns. In such an instance, the setoff after 
reflow for solder bumps with an original diameter of 
about 300 microns ranges from about 12 to 12.5 mils for 
the solder joint 130 shown in FIG. 6, as opposed to the 9 
mils that results in a typical solder joint 30 involving a 
collapsed 300 micron solder bump shown in FIG. 3. Other 
dimensions include the maximum widths of the solder 
joint 130, which are about 340-380 microns for the lower 
width 133, and about 305-335 microns for the upper 
width 134, both of which are improvements over the 
maximum width of about 360-400 microns for the more 
collapsed solder joint 30. Each of these improved features 
and dimensions results in a solder joint that is signifi- 
cantly stronger and more durable than solder joints that 
are formed in devices without a sufficiently rigid support 
coating. 

[0040] it should be noted, however, that the height of the sup- 



port layer relative to the solder bump and the amount of 
solder paste used on the substrate must be reasonably 
controlled to have the best results. It should be appreci- 
ated that the somewhat "snowman" like shape to the sol- 
der joint 130 illustrated in FIG. 6 results in an additional 
mid-level wetting angle 135. Although this angle is fairly 
large and thus inconsequential as illustrated in FIG. 6, 
variances in the height of the original support coating and 
the volume of any solder paste used can affect this angle 
greatly. Turning now to FIGS. 7 A and 7B, exemplary solder 
joints between substrates and attached semiconductor 
dice having support coatings of varying heights are illus- 
trated. FIG. 7A shows a die-solder joint-substrate combi- 
nation 200 that typically results when a support coating 
having a height of less than about 20 percent of the over- 
all solder bump height is formed on the active surface of 
the wafer. As can be seen, the resulting solder joint is 
substantially similar to the solder joint 30 of FIG. 3. Very 
little solder bump collapse has been prevented, and the 
solder joint to die wetting angle 231 is almost the same as 
the wetting angle found in FIG. 3. Also notable is that the 
mid-level angle is quite large, such that it is of no signifi- 
cant consequence. 



[0041] Conversely, FIG. 7B shows a die-solder joint-substrate 
combination 300 that typically results when a support 
coating having a height of greater than about 70 percent 
of the overall solder bump height is formed on the active 
surface of the wafer. As can be seen, the "snowman" like 
shape of the solder joint is even more exaggerated in this 
example. This result is favorable in that almost all solder 
bump collapse near the die has been prevented, such that 
the solder joint to die wetting angle is virtually the same 
as the wetting angle prior to reflow. Unfortunately, the 
mid-level angle 335 has been reduced substantially, such 
that it now becomes the primary location for solder joint 
cracking and shearing due to temperature cycle failure. It 
thus becomes apparent that any advantageous use of a 
support coating to strengthen the solder joint connections 
must strike a balance between optimizing the solder joint 
to die wetting angle and optimizing the mid-level angle 
corresponding to the height of the support coating. 

[0042] Experimentation has determined that final heights for the 
support coating that go lower than about 20 percent and 
higher than about 70 percent of the original solder bump 
height result in solder joints that tend to be progressively 
weaker as the percentage extends from this range. Exper- 



imentation has also shown that the benefits of adding 
such an epoxy-based support coating outweigh the bur- 
dens involved in adding more materials and process steps 
when the solder joints are significantly strengthened and 
made to be more reliable. Such results certainly occur 
when the final height of the support coating falls between 
about 20 percent and about 70 percent of the original 
solder bump height. More preferably, the final height of 
the support coating should be at about 40 to 60 percent 
of the original height of the solder bumps, and even more 
preferably, the support coating height should be at about 
48 to 52 percent of the original height of the solder 
bumps. It is thought that the ideal final height of the sup- 
port coating is about 50 percent of the original solder 
bump height. 

[0043] with respect to the composition that should be used for 
the support coating discussed herein, a curable dielectric 
fluid comprising an epoxy or other hard resin type base is 
preferred. Any other material or composition can be used, 
however, provided that such a material or composition 
can be cured or otherwise rendered sufficiently rigid such 
that it will not significantly transform further during any 
solder reflow or IC device operating conditions. The sup- 



port coating is preferably clear, although dye may be 
added to help block visible light and thereby reduce photo 
induced leakage currents. Byway of example, an epoxy- 
based support coating having a coefficient of thermal ex- 
pansion ("CTE") in the range of approximately 20 x 10~ 6 /K 
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to approximately 30 x 10 /K @ 25 C, has been found to 
work well in order to assist in the reduction of thermally 
induced stresses, since the CTE for most solders is also in 
this range. 

[0044] | n one embodiment, an epoxy-based fluid having a 50-60 
percent solvent content by weight is used, since the use of 
solvent results in a fluid that is easier to distribute evenly. 
Solvent is added mainly to control the viscosity of the for- 
mulation and more readily allow an even application of the 
support coating. Experimental use of a support coating 
material having the above-defined characteristics has 
shown that much of the solvent tends to evaporate during 
a curing process. Thus, the initial height of the support 
coating as applied to the active surface of the wafer may 
need to take into account the reduction in thickness due 
to solvent loss. In one example using a curable support 
coating having a 50 percent solvent content by weight, it 
has been found that in order to produce a fully cured sup- 



port coating having a height of about 50 percent of the 
height of the solder bumps, the pre-curing thickness of 
the material should be approximately 100 percent of the 
height of the solder bumps. In various other embodiments 
of the invention, a support coating having a lower solvent 
content may be used. With the solvent content lower, the 
amount of solvent loss will be less. Therefore, the height 
of the pre-cured support coating needs to be selected 
such that the height of the fully cured support coating is 
at the desired level. 
[0045] Although the foregoing invention has been described in 
detail by way of illustration and example for purposes of 
clarity and understanding, it will be recognized that the 
above described invention may be embodied in numerous 
other specific variations and embodiments without de- 
parting from the spirit or essential characteristics of the 
invention. Certain changes and modifications may be 
practiced, and it is understood that the invention is not to 
be limited by the foregoing details, but rather is to be de- 
fined by the scope of the appended claims. 



